Altogether 209 species of algae and cyanobacteria has been revealed in 2014-2015 from four sites in the Kabul River that flow across the Peshawar Valley. Green algae, diatoms, and Charophyta filamentous algae were diverse and characterize regional feature in the river basin with high agricultural activity. Species richness and algal abundance were increase down the river. Index saprobity S varied between 1.55 and 1.59 (Class III of water quality) and reflects decreasing of water quality down the river as a result of pollutants impact, which brings mostly the Swat tributary. Bio-indication results show prevalence of benthic or plankto-benthic species, temperate temperature indicators, slow streaming middle oxygenated waters inhabitants, salinity-indifferents, eurysaprobes, mesotrophes, and autotrophic algae with tolerance to middle concentration of Nitrates that reflects middle polluted waters III-IV Class of Water
Introduction
The ongoing climate change can be taken into account in addition to the human factor. The global warming primarily influences the hydrological regime of water ecosystems in arid regions [1] such as of Pakistan.
Algal diversity ecologically plays an important role in the understanding of aquatic ecosystem, their productivity and water quality [2] . Habitat characteristics play an important role to affect freshwater algal communities [3] . The study of algae at their habitats is the prime object of algal ecology [4] . Rivers are complex ecosystems consisting of biotic communities (biocoenoses) and diverse habitats (biotopes). The characteristics of the habitats change from the head-waters to the sites of eventual discharge [5] .
It is known that the pollution of the river due to the number of people on its banks and the intensity of development of the economy and have synergetic effect with global warming. Because studies of the Kabul River in the early stages, there is no published information on the anthropogenic load of the studied section of the river, so we used only the impressions in the process of collecting.
The aquatic objects in Pakistan are represented mostly the rivers. Algal diversity of the Pakistan rivers can help in ecological assessment of the water quality and water using intensity for agriculture. The algal communities in Pakistan rivers start to study in last two decades and is so far from exhaustive. Algal flora of the Kunhar River, Pakistan, was ecologically studied for the first time [6] . Algal Diversity of the Meenachil River, India was studied during the premonsoon and monsoon period of 2014 [7] . Systematics and geographic distribution of Chroococcus was studied in Pakistan [8] . Algal species diversity distribution and its relationships to altitude of aquatic habitats were studied on the Hindu Cush Mountains communities of the Swat River [9] . The importance of water resources quality in Pakistan is now one of major problem. Therefore, the state try to find some economy methods for dissolve this problem. One of the methods for water resources quality assessment is the bio-indication. Algal bio-indication approaches were employed in Pakistan earlier for the Swat River algal communities [9] . The Swat River is the upper high mountain tributary of the Kabul River. In the Kabul River were no more publications about algal diversity than about freshwater green algal biofouling of boats [10] .
The aim of present study was to reveal algal diversity in the Kabul River sites before and after the Swat River input and employ the bio-indication methods for the water quality assessment. 
Field sampling
Sampling was carried out during the autumn and spring seasons in 2014-2015. A total of 30 samples were collected from four sampling sites in a 100-meter radius on each individual location from different habitats including phytoplankton and periphyton (epiphyton, epilithon, and epipsammon). The samples were trans-ported into the Phycology and Tissue Culture laboratory, Department of Botany, University of Peshawar, in standard specimen bottles with icebox.
Preservation, Labeling and Storage
Temporary preservation was processed immediately after sampling with neutral Lugol's Iodine solution, 0.5 ml per 100 ml water sample, and stored for a short time [15] . Permanent preservation of samples was in 3 % FAA (Formalin, acetic acid and alcohol) and kept for a long time to avoid spoilage [15] . The permanently preserved specimens were vouchered and submitted to the Department of Botany herbarium, University of Peshawar.
Laboratory Processing
Microscopic morphology of the Non-Diatomaceous isolates was determined by using the wet-mount staining method [15] . This was done by using a sterile micromanipulator to pick up algal filaments from temporarily preserved samples and placed onto a clean glass slide on which a drop of distilled water had been added. A drop of lactophenol cotton blue stain was added, and the preparation was covered with clean cover slips. The slides were subsequently viewed under 10×, 20×, 40× 60× and 100× Nikon Eclipse E200 microscope objectives. Images of the taxa were taken with a BRESSER digital microscope. The Diatomaceous isolates were cleaned by using peroxide (H2O2) technique [16] (Swift, 1967 ). The empty frustules were then mounted and analyzed for their morphology. Standard references [2, [17] [18] [19] [20] [21] [22] [23] were usede for taxonomic identification.
Physicochemical properties of the water from the sampling sites were measured in parallel with algal sampling. Temperature and water pH were measured with HANNA HI98190 portable meter and Turbidity with HANNA HI98703 meter in the laboratory. Electrical conductivity and Total Dissolved Solids (TDS) of the water samples were measured with HANNA HI98192 meter in the laboratory. Total Suspended Solids (TSS) values in the water samples were measured with HACH TSS meter in the laboratory. Dissolved oxygen (DO) and Biochemical Oxygen Demand (B.O.D.) were measured by using HANNA HI98193 meter in the laboratory.
Alkalinity as CaCO3 was analyzed by titration against standard sulphuric acid. Hardness as CaCO3 and Sulphates were analyzed by complexometric titrations using EDTA (0.01M). Nitrites and Nitrates were analyzed by spectrophotometric (Colorimetric) method. Ammonia and Phosphates (PO4 3- ) were analyzed by spectrophotometric method using Nessler's reagent. Phosphates (PO4 3- ) Chlorides (Cl -) were determined by titrating against silver nitrate (0.1 N) using potassium chromate as indicator.
Ecological preferences of revealed algal species were assessed according [24] . Bio-indication approaches were taken from these references and later [25] .
Indices saprobity S [26, 27] were calculated on the basis of identified species for each community and quantitative investigations of phytoplankton as:
(Eq. 1) Where: S -Saprobity index of algal community; si -species-specific saprobity index; ai -species abundance.
The integral index of aquatic ecosystem sustainability (WESI) was constructed on results of our studies [24, 25] . Indices calculation is based on the water quality ranks as determined by Sládeček's saprobity indices and nitrate (or phosphates) concentrations rank. WESI = Rank S / Rank N-NO3 (Eq. 2) where: Rank S -the rank of water quality according to the range of the Sládeček's saprobity indices calculated for the sampling station. Rank N-NO3 -water quality rank according to the range of nitric-nitrogen concentrations scale. At WESI ≥ 1, the photosynthetic level is positively correlated with the level of nitrate concentration. At WESI < 1, photosynthesis is suppressed (presumably due to a toxic disturbance).
Results and Discussion

Chemical variables
The water variables dynamic over sampling stations of the Kabul River are represented in Figure 2 . It shown that water temperature, pH, conductivity, TDS, TSS, Salinity, Chlorides, and Alkalinity were increased down the river. Concentration of Nitrates, Nitrites, and Ammonia were dramatically increased immediately after the Swat River tributary input in site 2. In the same time the Dissolved oxygen, Total Hardness, and Sulfates were decreased in site 2 whereas the Phosphates here increased. That all let us to conclude that the Swat tributary influence on the water quality of the Kabul River is high because its water was slightly low enriched by major ions but bring more polluted waters to the Kabul River. Hydrochemical variables of the Kabul River in autumn 2014 and spring 2015 are corresponded to the levels of middle polluted water, with increasing of the organic pollution as BOD down the river. Index Saprobity S, calculated with species abundance, is increased after station 2 in sites Nowshera and Khairabad from 1.55 up to 1.59. Index reflects middle polluted water Class III of water quality with developed community (Figure 3 ). It is known that temperature, phosphorus and nitrogen are essential elements for controlling the development of algae [28] [29] [30] [31] . Therefore, our analysis reveals the trophic base for algal community development, which increased down the river. This situation looks like similar to it in the Songhua River from climatically similar region of China [32] where water variables of pollution also increased down the river with index saprobity S in the same range 1.57-1.79 that reflect Class III of water quality. 
Algal communities
Altogether 209 species of algae and cyanobacteria were found in four sites of the Kabul River (Table 1 ). In Figure 3 are presented qualitative (No of Species) and quantitative (Abundance Scores) data for four sites. Species richness and algal abundance are increased similar down the river ( Figure 4 ). Whereas major abundance in communities was represents by charophytes ( Figure 3 ), species richness was mostly represented by charophyta also (Figure 4 ). The algal community in the major left high mountain tributary of the Kabul River the Swat River was not so reach in species and strongly regulated by water temperature [9] . Nevertheless, the community structure in the Swat River which flow below 1400 m was similar to it in the studied part of the Kabul River with prevalence of green algae and diatoms. It is remarkable that Charophyta algae represent about a quarter of the algal flora in the both rivers and the most diverse of all was Spirogyra and other filamentous algae. It can be represent some regional feature in the river basin with high agricultural activity. The prevalence of green algae in the riverine community is relater also with the latitude of the river basin and therefore with sunlight intensity such as in the rivers Ukraine [33] , China [32] , and Israel [25, 34] . Species-specific Index of Saprobity (S). Self-purification zone preferences (Sap): x -xenosaprob; x-o -xeno-oligosaprob; o-xoligo-xenosaprob; x-b -xeno-beta-mesosaprob; o -oligosaprob; o-b -oligo-beta-msosaprob; b-o -beta-oligosaprob; o-aoligo-alpha-mesosaprob; b -beta-mesosaprob; b-a -beta-alpha-mesosaprob; a -alpha-mesosaprob; a-p -alpha-polysaprob; a-balpha-beta-mesosaprob; i -i-eusaprob. Trophic state (Tro) [37] : ot -oligotraphentic; o-m -oligo-mesotraphentic; m -mesotraphentic; memeso-eutraphentic; e -eutraphentic; he -hypereutraphentic; o-e -oligo-to eutraphentic (hypereutraphentic). Nitrogen uptake metabolism (Aut-Het) [37] : ats -nitrogen-autotrophic taxa, tolerating very small concentrations of organically bound nitrogen; atenitrogen-autotrophic taxa, tolerating elevated concentrations of organically bound nitrogen; hne -facultatively nitrogen-heterotrophic taxa, needing periodically elevated concentrations of organically bound nitrogen; hce -obligately nitrogen-heterotrophic taxa, needing continuously elevated concentrations of organically bound nitrogen.
Chlorella vulgaris
5 - - - - - - - - - Pandorina morum (O.F.Müller) Bory 0 1 1 1 P - st i - b 2.3 - - Rhizoclonium africanum Kützing 5 5 5 5 - - - - - - - - - Rhizoclonium crassipellitum West & G.S.West 5 5 5 5 - - - - - - - - - Rhizoclonium hieroglyphicum (C.Agardh) Kützing 5 5 5 5 B - st-str hl - o-a 1.9 - - Rhizoclonium fontanum Kützing 5 5 5 5 - - - - - - - - - Scenedesmus aculeotatus Reinsch 1 1 1 1 P-B - st-str - - b-o 1.6 - - Scenedesmus armatus (Chodat) Chodat 1 0 0 0 P-B - st-str - - b 2.2 - - StigeocloniumClosterium parvulum Nägeli 0 1 0 0 P-B - - i - b 2.0 m - Cosmarium angulosum Brébisson 1 1 1 1 B - - - - - - m - Cosmarium bioculatum Brébisson ex Ralfs 1 1 1 1 P-B - st-str hb - x-o 0.5 m - Cosmarium crenatum Ralfs ex Ralfs 0 1 0 0 B,aer - aer - - - - m - Cosmarium granatum Brébisson ex Ralfs 1 0 0 1 B - st-str i - o 1.2 m - Cosmarium impressulum Elfving 0 1 1 1 B,P-B - - hb - b-o 1.6 m - Cosmarium laeve Rabenhorst 0 1 1 1 P-B - st-str hb - o-a 1.9 me - Cosmarium punctatum Nordstedt 1 1 0 1 - - - - - - - - - Cosmarium subcrenatum Hantzsch 2 1 1 1 B,aer - aer - - o 1.1 m - Cosmarium subtumidum Nordstedt 0 0 2 2 B - - - - - - o-m - Cosmarium turpinii Brébisson 1 1 1 2 P-B - - i - o-x 0.7 me - Mougeotia americana Transeau 5 5 5 5 - - - - - - - - - Mougeotia calcarea (Cleve) Wittrock 5 5 5 5 B - - - - o-x 0.7 - - Mougeotia floridana Transeau 5 5 5 5 - - - - - - - - - Mougeotia laevis (Kützing) W.Archer 5 5 5 0 B - - - - o 1.0 - - Mougeotia maltae Skuja 0 5 5 5 B - - - - o 1.0 - - Mougeotia micropora Taft 0 0 0 5 - - - - - - - - - Mougeotia nummuloides (Hassall) De Toni 0 5 0 5 B - - - - o 1.0 - - Mougeotia robusta (De Bary) Wittrock 5 0 0 5 B - - - - o 1.0 - - Mougeotia viridis (Kützing) Wittrock 5 5 5 0 B - - - - o 1.3 - - Spirogyra australica Czurda 5 5 5 5 - - - - - - - - - Spirogyra bellis (Hassall) P.Crouan & H.Crouan 5 5 0 5 - - - - - - - - - Spirogyra borgeana Transeau 5 5 5 5 - - - - - - - - - Spirogyra californica Stancheva, J.D.Hall, McCourt & Sheath 0 0 5 0 - - - - - - - - - Spirogyra cataeniformis (Hassall) Kützing 5 5 5 5 - - - - - - - - - Spirogyra colligata Hodgetts 5 5 5 5 - - - - - - - - - Spirogyra crassa (Kützing) Kützing 5 5 5 5 B - - - - o-b 1.5 - - Spirogyra daedaleoides Czurda 5 5 5 5 - - - - - - - - - Spirogyra elongata (Vaucher) Dumortier 5 5 5 5 - - - - - - - - - Spirogyra fluviatilis Hilse 5 5 5 5 P-B - - oh - x-b 0.8 - - Spirogyra juliana Stancheva, J.D.Hall, McCourt & Sheath 5 5 5 5 - - - - - - - - - Spirogyra kuusamoensis Hirn 0 5 5 5 - - - - - - - - - Spirogyra lutetiana Petit 5 0 0 0 - - - - - - - - - Spirogyra majuscula Kützing 5 5 5 5 B - - - - o-a 1.8 - - Spirogyra maxima (Hassall) Wittrock 5 5 5 5 B - - - - o 1.1 - -- - - - - - - - - Spirogyra notabilis Taft 5 5 5 5 - - - - - - - - - Spirogyra parvula (Transeau) Czurda 5 5 5 5 B - st-str - - - - - - Spirogyra pratensis f. minor (Liu) C.-C.Jao 5 5 5 5 - - - - - - - - - Spirogyra protecta H.C.Wood 5 5 5 5 - - - - - - - - - Spirogyra scrobiculata (Stockmayer) Czurda 5 5 5 0 - - - - - - - - - Spirogyra setiformis (Roth) Martens ex Meneghini 0 5 5 5 - - - - - - - - - Spirogyra spreeiana Rabenhorst 0 0 0 5 - - - - - - - - - Spirogyra teodorescui Transeau 0 5 0 5 - - - - - - - - - Spirogyra varians (Hassall) Kützing 5 5 5 5 P-B - - oh - b 2.1 - - Spirogyra weberi Kützing var. weberi 5 5 5 5 - - - - - - - - - Spirogyra weberi var. grevilleana (Hassal) O.Kirchner 5 5 5 5 B - st - - - - - - Spirogyra aequinoctialis G.S.West 5 5 5 5 - - - - - - - - - Temnogyra collinsii I.F.Lewis 5 5 5 5 - - - - - - - - - Zygnema aplanosporum Stancheva, J.D.Hall & Sheath 5 5 5 5 - - - - - - - - - Zygnema argillosum Kadlubowska 0 0 5 5 - - - - - - - - - Zygnema carinthiacum Beck-Mannagetta 5 5 5 5 B - - - - o 1.0 - - Zygnema cruciatum (Vaucher) C.Agardh 0 5 5 5 B - - - - x-b 0.8 - - Zygnema cylindricum Transeau 5 5 5 5 - - - - - - - - - Zygnema giganteum Randhawa 0 0 0 5 - - - - - - - - - Zygnema inconspicuum Czurda 5 5 5 5 B - - - - o 1.0 - - Zygnema maius Czurda 0 5 5 5 - - - - - - - - - Zygnema normanii Taft 5 5 5 5 - - - - - - - - - Zygnema stellinum (O.F.Müller) C.Agardh 5 5 5 5 B - - - - o-x 0.7 - - Zygnema sterile Transeau 5 5 5 5 B - - - - o 1.0 - - Zygnemopsis transeauana Randhawa 0 5 5 5 - - - - - - - - -
Bio-indication of Water Quality
We constructed bio-indication plots on the base of ecological preferences of the Kabul River species (Table 1) for revealed indicators distribution over major environmental variables (Figures 4-6) . Can be seen that number of species as well as total number of each group indicators were sufficiently increase after the Swat tributary input. Bio-indicational plots in Figure 4 show prevalence of benthic or plankto-benthic species, temperate temperature indicators, and slow streaming middle oxygenated waters. Bio-indicational plots in Figure 5 show prevalence of salinity-indifferents, eurysaprobes, III-IV Class of Water Quality that reflects middle polluted waters in the Kabul River. The role of salinity in the riverine and especially lacustrine community was studied during last year's [38] [39] [40] [41] . Usually salinity play the negative role in algal species richness but here, in the Kabul River, we can see that algal community was not suppressed and even stimulated down the river because the chlorides come together with nutrients. Bio-indicational plots in Figure 6 show prevalence of mesotrophes, autotrophic algae with tolerance to middle concentration of Nitrates. The hydrological regime has both indirect and direct effect on aquatic community and water quality through the changes of depth, nutrient concentrations, and water volume. Generally, the symptoms of eutrophication of aquatic ecosystems are more clearly manifested in periods of low water levels [42, 43] . Here, in the Kabul River, we can see that algal community was affected with water temperature and nutrients, which increased down the river especially in the low-water periods of autumn and spring. Therefore, studied part of the river can be characterized on the base of bio-indication as middle polluted in the mesotrophic stage with tendency of increasing of the eutrophication level. The same situation we can see in other similar rivers which basins are in the Southern Eurasia regions such as Songhua, Lower Jordan or Southern Bug [25, [32] [33] [34] 40] . Here integral bio-indicational method for water quality and aquatic ecosystem sustainable assessment has been represented relevant and stabile results, which can be employed in monitoring of regional water quality.
Conclusion
Our results let us to conclude that firstly studied part of the Kabul River have developed algal community with increasing of species richness and its abundance in communities down the river. This process was stimulated not only the water temperature increasing but also nutrients runoff from agricultural and domestic activity in the Peshawar Valley and from the major tributary the Swat River. The Swat River left high mountain tributary bring to the Kabul River its low enriched by major ions but more organically polluted waters. Algal community was increase in species richness below the tributary input [44] as we can see in the rivers in the climatically similar regions of Eurasia [32] . We revealed prevalence of green algae and diatoms in studied algal community. The Charophyta species such as filamentous Spirogyra and other filamentous algae were diverse and can be represent some regional feature in the river basin with high agricultural activity such as in China [32] .
Water temperature can be characterized as one of the major variable that stimulated riverine algal community. In other hand, water salinity was impacted variable, which increased together with BOD and can be results of organic pollution impact that come not only from industrial and agricultural activity in the Peshawar Valley but also from the Swat River tributary as can be seen in the bio-indication plots. The nitrates concentration was also important variable, which together with temperature were affected riverine diversity in the Kabul River.
Bio-indication reflect arising of eutrophication level down the river but calculated indices of saprobity S in the sites of studied part of the Kabul River show high self-purification capacity of algal community. Therefore, we can to conclude that integral and economy method of bio-indication for water quality assessment can be employed in purpose of monitoring the regional water quality.
